Cyanogen halides are known substances for the cyanating reaction. There are a few evidences for bromination reaction too. On the other hand carbenes are known as very important substances due to their remarkable reactions. Unfortunately carbenes at room temperature are very unstable and there is not a simple method for preparation of them. In most cases the isolation is not possible. We have reported a new reliable and fast preparation method of almost stable carbenoids. The mechanism of the formation has been discussed.
INTRODUCTION
Cyanogen halides are known as important synthetic substances since they are strong cyanating agents. For instance cyanogen iodide reacts with the tertiary amine ring of marcfortine A to give cyano and iodocyano substituted products 1 . Also cyanogen iodide has been used as a reagent for disulfide bond formation in peptides 2 .
Cyanogen bromide is a very useful and extensively used reagent for the synthesis of cyanamides 3 . It is a colorless or white crystalline
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www.orientjchem.org higher temperature under sealed-tube conditions. The reaction involves the intermediacy of a carboxylic cyanic anhydride. In anhydrous benzene, the carboxylic cyanic anhydride may be trapped and, in the presence of pyridine, symmetrical anhydrides may be produced in yields of 78-95% 9 .
Von Braun found that a dialkyl thioether is cleaved by CNBr, at a somewhat elevated temperature (60-70 °C, sealed tube), to an alkyl thiocyanate and an alkyl bromide 10 . More recently, this reaction has been used for the selective cleavage of methionine peptides 11 and other peptides 12 . Reaction between cyanogen bromide and some 3-amino-1,1-diphenylpropanes, variously substituted at C-1, leads either to N-cyano derivatives or to tetrahydrofurans 13 . Cyanogen bromide is a capable reagent for the synthesis of cyanamides 3 , cyanates 14 , and also used to selective cleavage of the methionyl peptide bonds in ribonuclease 15 and etc. Nonetheless this compound also is useful to simultaneity brominating and cyanating; the bromination and cyanation of imidazoles 16 , free radical reaction with alkanes that result in bromination of alkanes 17 and -bromination of -aminoenones 18 . By the way the Von Braun reaction is an organic reaction in which a tertiary amine reacts with cyanogen bromide to an organocyanamide 19 . The reaction of tertiary amines with CNBr yield disubstituted cyanamides and an alkyl bromide 20 . The bromodealkylation reaction has also been used to cleave the ring system of aziridine compounds 21 . Routine reactions of Cyanogen bromide have been presented in scheme 1. Although cyanogen bromide is a well known reagent, it has never been used as a carbenoid generator before.
RESULTS AND DISCUSSION
In this paper a new reaction of active carbons (1a-j) with cyanogen bromide in the presence of an organic base (triethyl amine or pyridine in some cases) has been described. Generated active carbenoids (2a-j) are shown in Scheme 2. Recently, we have performed the condensation of (thio)barbituric acids (1a-d) with aldehydes 22 and ketones 23 in the presence of BrCN and Et 3 N afforded spiro[furo [2,3-d] pyrimidine-6,5_-pyrimidine]pentaones and active carbenoid salt (2a-d). In the reaction of 5,5-dimethylcyclohexane-1,3-dione (dimedone, 1e) under same condition the similar scaffold structures have been produced as expected 24 . Also we have investigated the condensation of Meldrum's acid (1f) with aldehydes in the presence of BrCN and Et 3 N under the same condition. In this reaction, full-substituted cyclopropanes and the salt of 2f were obtained 25, 26 . On the other hand based on our earlier experiments, we decided to investigate on the possibility of the reaction of non-cyclic active carbons. For this reason some reactions of cyanogen bromide and triethyl amine with acyclic active carbons (1g-j) were performed 25, 26 . Although we did not attain triethylammonium 2-bromo-1,3-diethoxy-1,3-dioxopropan-2-ide (2h) obtained from diethyl malonate reaction (and other acyclic active carbon), we have succeeded in obtaining triethylammonium bromodicyanomethanide (2g) in the latter case malononitrile. Perhaps it is due to the stronger electron-attracting nature of cyanide group versus ester and/or simple carbonyl groups. By the way cyanide group has less steric hindrance than ester or carbonyl groups.
Substances Products
Proposed mechanism has been explained in Scheme 3. On the basis of the well established chemistry of pyrimidines 27 and according to the mechanism of the bromination of 1-alkyl imidazoles by cyanogen bromide 28 it is reasonable to assume that active carbons 1a-f reacted with cyanogen bromide and formed alkyl carbonobromidoimidate 3a-f. Intramolecular rearrangement of 3a-f afforded 4a-f followed by loss of HCN. Triethylamine as a base captured the acidic methylene proton of 4a-f and salts of 2a-f were formed. The salt of triethylammonium hydrobromide was also observed. Unfortunately, all attempts failed to separate or characterize 3a-f and 4a-f intermediates as representatives.
In the case of malononitrile a similar mechanism has been suggested (scheme 4). All attempts to isolation of 5 and 6 were unsuccessful unfortunately. According to our search, there is no report about compound 2g in literatures. The salt of 2g was isolated and characterized by spectroscopy techniques. Other evidence for the formation and confirmation of 2g (the existence of bromine atom in this salt structure) was performed by Beilstein test and the wet silver nitrate test (precipitate of pale yellow silver bromide).
The IR spectrum of 2g shows the frequency of NH+ stretching at the broad range of 2500-3300 cm-1, frequency of CN and C-Br stretching at 2167 and 565 cm-1, respectively. The 1HNMR spectrum of this compound shows (integration in parenthesis) a triplet at ´ 1.39 ppm (9H) and a multiplet (a quartet approximately) at 3.14 ppm (6H) are corresponding to methyl and methylene protons in triethylammonium salt moiety, respectively. A broad singlet at ´ 9.78 ppm (1H) is of NH+ in this salt. 13 C NMR spectrum of this salt shows four distinct peaks that confirm the structure of 2g. The structure of the 2a-f was deduced from their IR, 1 H NMR, 13 C NMR spectra and CHN analysis. Representatively, the 1 H NMR spectrum of 2a consisted of a triplet for three methyl protons at 1
.16 ppm, a quartet for the corresponding methylene protons at 3.08 ppm, a broad singlet for ammonium proton at ´ 8.93 ppm and a singlet for two amide protons at ´ 9.38 ppm on barbituric acid ring moiety. The IR spectrum of 2a indicated no CN bond stretching absorption. The 13 C NMR spectrum of 2a showed five distinct peaks. The peak at  9.09 and 46.19 ppm are of methyl and methylene carbons in triethylammonium salt moiety, respectively and the peak at 72.27 ppm corresponds to C-5 on barbituric acid ring. Two peaks at ´ 152.02 and 161.26 ppm correspond to the carbonyl groups on barbituric acid ring moiety, respectively. Other evidence for the formation of 2a-f (the existence of bromine atom in these molecules) was performed by Beilstein test and the wet silver nitrate test 29 (precipitate of pale yellow silver bromide). During isolation and identification of 2a-f interestingly there is not any evidence of cyanide peak in IR spectra (scheme 5).
Scheme 5: Reaction path through cyanation of active carbon
In the case of Barbituric acid's salts, 2b plays an important role and its nucleophilicity is stronger than that of 2a and 2c. The 2a and 2c have aromatic nature with delocalizing of the negative charge while 2b has not.
Acyclic compounds with the exception of malononitrile behave in different way. Reason of this different behavior is not clearly recognized. Perhaps it is due to the enol-keto equilibrium occurred in acyclic beta-dicarbonyl or betacyanocarbonyl compounds (scheme 6). For example ethyl aceto acetate mainly exists in betaketo 1-en 1-ol (12j) form and not in beta dicarbonyl (1j) form. Whereas cyclic compounds like Barbituric acid, Dimedone and Meldrum's acid (1a-f) have been founded mainly in keto form. A similar equilibrium is not seen in malononitrile (scheme 7). Bromodicyanomethanide (2g) is the main form. Any symptom of other resonance forms is not seen in 13 CNMR spectra of 2g as expected. Also as seen in figure 2 , three distinctive peaks for 2a and two peaks for ammonium ion are shown in 13 CNMR spectrum. There is not any symptom of existence of enol form for 2a. Reaction of diethyl malonate (DEM) (1h), ethyl cyanoacetate (ECA) (1i) and ethyl acetoacetate (EAA) (1j) with cyanogen bromide in acetone formed diethyl bromomalonate (13h) and ethyl bromoacetoacetate (13j) in moderate yield, respectively. Triethylammonium hydrobromide salt was observed in all reaction products (scheme 8).
The 1 H NMR spectrum of diethyl bromomalonate, 13h show a triplet at ´ 1.31 and a quartet at ´ 4.29 ppm are of to equivalent methyl and methylene protons, respectively. A singlet at 4
.82 corresponds to the CHBr proton. The peak integration ratios 1.0:4.0:6.0 are of methine, two methylene and two methyl protons, respectively. These ratios are in good agreement with the structure of 13h. The 13 C NMR spectrum of 13h show a peak at ´ 13.85 and 63.21 ppm are of methyl and methylene carbon atoms, at ´ 42.40 and 164.58 ppm corresponds to the methine and carbonyl carbon atoms respectively. Diethyl cyanomalonate, 8h has been synthesized previously by the reaction of ethyl cyanoacetate, 1i with ethyl chloroformate in acetone 30 . We performed the reaction of 1h with cyanogen bromide according to method of reference 30 (formation of 8h was not observed). Expectedly, triethylamine attacks the NC + of cyanogen bromide obtaining triethylcyanoammonium bromide salt (16) (Scheme 9). According to Scheme 9, the ethyl bromide and 14 were observed based on von Braun reaction through analyzing the crude reaction mixture by GC-Mass analyses. The reaction of ethyl cyanoacetate, 1i with cyanogen bromide in ether indicated no significant product(s). In contrast, in acetone as a polar aprotic solvent ethyl 2-isopropylidenecyanoacetate (15i) was afforded by means of the condensation of 1i with acetone in 32% yield (Scheme 8). No 13i and 8i were observed in this reaction.
The structure of 15i was characterized by 1 HNMR, 13 CNMR and GC-Mass analysis. Interestingly, ethyl bromoacetoacetate, 13j or ethyl cyanoacetoacetate, 8j were found in the reaction of ethyl acetoacetate, 1j and cyanogen bromide in ether as solvent (Scheme 8).
For assurance of existence of free carbenoid, in the case of malononitrile we have performed some of well-known carbenes reactions.
Entrapping of free carbenes by polar carbon-carbon double bonds (producing cyclopropane structure) is one of the most famous reactions used to identification of carbenes. Entrapping includes the shuttle attack of carbene to polar carbon-carbon double bond. Two moles of malenonitrie were reacted with aldehydes 17k-z as knovenagel condensation (insitu performing of 18k-z) . On the other hand malononitrile was reacted with trithylamine and cyanogen bromide as described before. Negative charge of 2g attacks to polar double bond of 18k-z as shown in the scheme 10. Final cyclopropane products 19k-z were isolated and identified by 1 HNMR, 13 CNMR and IR data. Existence of free carbene was maintained by results. The same method for entrapping of carbenes in the case of cyclic substrates resulted similar cyclopropanes as expected. 
EXPERIMENTAL

General procedures
Melting points were measured with a digital melting point apparatus (Electrothermal) and were uncorrected. IR spectra were determined in the region 4000-400 cm -1 on a NEXUS 670 FT IR spectrometer by preparing KBr pellets. The 1 HNMR and 13 CNMR spectra were recorded on Bruker 300 FT-NMR at 300 and 75 MHz, respectively (Urmia University, Urmia, Iran). 1 HNMR and 13 CNMR spectra were obtained on solution in DMSO-d 6 and/or in CDCl 3 as solvents using TMS as internal standard.
The data are reported as (s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet or unresolved, bs=broad singlet, coupling constant(s) in Hz, integration). All reactions were monitored by TLC with silica gel-coated plates (solvent system of most cases is AcOEt:AcOH/ 80:20/ v:v). Elemental analyses were performed using a VarioEL III analyzer (Tabriz University, Tabriz, Iran). The mass analysis performed using mass spectrometer (Agilent Technology (HP) type, MS Model: 5973 ,ion source temperature was 230 ºC (Tehran University, Tehran, Iran). Synthesis of 2, Method A: In a 25 mL round bottom flask equipped by a magnetically stirrer, dissolved 0.12 g (0.96 mmol) cyanogen bromide (BrCN) in 4 mL ethanol at 0 °C. Then separately, 0.15 g (0.96 mmol) barbituric acid were dissolved in 10 mL ethanol in an Erlenmeyer, 0.75 mL triethylamine was added into solution and then was transferred it into a separatory funnel, then it was added drop wise into solution of BrCN in round bottom flask at 0 °C. The progression of reaction was monitored by thin layer chromatography (TLC). After a few minutes, the white-cream solid precipitate, filtered off, washed with few mL ethanol and dried.
Method B
In a 10 mL with Teflon-faced screw cap tube equipped by a magnetically stirrer, dissolved, 0.132 g (2 mmol) malononitrile, 0.202 g (2 mmol) triethylamine in 5mL ethanol and then 0.210 g (2 mmol) cyanogen bromide (BrCN) was added into solution at 0 °C. White-Cream color solid precipitate in less than five minutes, filtered off and washed with few mL ethanol and dried.
Synthesis of cyclopropane structures
In a 10 mL with Teflon-faced screw cap tube equipped by a magnetically stirrer, dissolved, 0.265 g (4 mmol) malononitrile, 0.400 g (4 mmol) triethylamine and 2 mmol aldehydes in 7mL ethanol and then 0.210 g (2 mmol) cyanogen bromide (BrCN) was added into solution at 0 °C. temprator was raised to 70 °C. Cream color solid precipitate after a few minutes, filtered off and washed with few ml ethanol and dried.
The physical and spectral data of the selected compounds are follows as representatives. Spectral data for intermediate compounds (which prepared for study of mechanism) have not been described. Do not hesitate to ask for full supplementary data or more information. Triethylammonium-1,3-dimethyl-5-bromo-2,4,6 
Triethylammonium bromodicyanomethanide (2g)
White crystalline solid (60); FT-IR (KBr) 3420, 3047, 2987, 2947, 2804, 2738, 2678, 2491,
